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Abstract 

Background: Alzheimer's disease (AD) is increasingly associated not only with neuronal degeneration but also with 

platelet dysfunction, altered hemostasis, and calcium-dependent peripheral signaling abnormalities. Objective: To 

evaluate the effects of G-40 polyphenol on platelet aggregation, coagulation hemostasis, and intracellular calcium 

mobilization in a rat AD-like condition. Methods: Platelet-rich plasma and platelet suspensions obtained from control rats 

and rats with an AlCl3-induced AD-like condition were analyzed. Platelet aggregation was assessed by Born aggregometry 

after stimulation with ADP, adrenaline, and collagen. Coagulation was evaluated using thrombin time (TT), activated 

partial thromboplastin time (APTT/QFTV), and prothrombin time (PT, TechPlastin). Intracellular calcium was monitored 

in Fluo-4 AM-loaded platelets after ADP stimulation, with EGTA used as a calcium-chelating control. G-40 was tested 

primarily at 50 uM, with concentration-response evaluation in the 10-100 uM range for calcium readouts. Results: The 

AD model displayed spontaneous platelet aggregation and enhanced agonist-induced aggregation relative to controls. G-

40 partially inhibited ADP- and collagen-induced aggregation in both normal and AD conditions. The AD model shortened 
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TT, APTT, and PT, indicating a procoagulant shift, whereas G-40 markedly prolonged all three parameters. G-40 also 

suppressed ADP-induced intracellular Ca2+ mobilization by 40-55%, with 50 uM showing the greatest effect. 

Conclusions: G-40 exerts a multi-target antiplatelet and anticoagulant action in the AD-like state. Its effects are most 

consistently explained by attenuation of Ca2+-dependent platelet activation together with interference at common 

coagulation pathway steps. These findings support G-40 as a promising candidate for correcting platelet hyperreactivity 

and hemostatic imbalance associated with AD. 
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1. Introduction 

Alzheimer's disease (AD) is a progressive 

neurodegenerative disorder characterized by cognitive 

decline, synaptic dysfunction, oxidative stress, 

neuroinflammation, and beta-amyloid (Abeta) 

accumulation [1-4]. In recent years, increasing attention 

has been paid to the vascular and hemostatic components 

of AD, including platelet activation, fibrin(ogen) 

abnormalities, and a prothrombotic shift in the peripheral 

circulation [1-5]. Platelets are particularly relevant 

because they store and release amyloid precursor protein 

(APP), interact with Abeta species, contribute to vascular 

amyloid pathology, and function as an accessible 

peripheral model for AD-related signaling disturbances 

[5,6,16-18]. 

Platelet activation is a calcium-dependent multistep 

process. Agonists such as ADP, adrenaline, and collagen 

converge on signaling cascades that increase cytosolic 

free calcium, trigger granule secretion, enhance 

thromboxane A2 formation, and activate integrin 

alphaIIbbeta3, thereby stabilizing aggregation [6,7]. In 

AD-like conditions, oxidative stress and Abeta-driven 

signaling may enhance platelet sensitivity, promote 

spontaneous aggregation, and amplify responses to 

physiological agonists [2-5,16-18]. Thus, platelet 

hyperreactivity may represent both a mechanistic readout 

and a functionally relevant peripheral manifestation of 

AD pathology [19-24]. 

Polyphenols are attractive candidates for correcting these 

alterations because many compounds in this class 

combine antioxidant, membrane-stabilizing, antiplatelet, 

and anticoagulant properties [8-10,15,25-27]. However, 

the effects of G-40 polyphenol on platelet 

hyperreactivity, plasma coagulation kinetics, and 

intracellular Ca2+ transport under AD-like conditions 

have not been systematically described [28,29]. 

Therefore, the aim of this study was to analyze platelet 

aggregation, coagulation hemostasis, and platelet 

intracellular Ca2+ mobilization in an experimental AD-

like rat model and to determine how G-40 modulates 

these changes. 

2. Methods 

This study was based on biomaterials obtained from male 

albino rats used in the dissertation protocol. Animals with 

an experimental AD-like condition were generated by 

aluminum chloride (AlCl3) exposure according to the 

model-development procedure described in the 

dissertation, while matched untreated animals served as 

controls. Blood was collected into 3.8% sodium citrate 

(9:1, blood:anticoagulant). Platelet-rich plasma (PRP) 

and platelet-poor plasma were obtained by sequential 

centrifugation of citrated whole blood according to the 

protocol used in the dissertation. 

Platelet aggregation was recorded by the Born optical 

aggregometry method [11] using an ALAT-2 Biola 

aggregometer. PRP was stimulated with ADP, adrenaline, 

or collagen in the low-micromolar range described in the 

dissertation protocol. For inhibitory assays, G-40 

polyphenol was added before agonist stimulation; the 

main analytical concentration was 50 uM. Spontaneous 

aggregation was evaluated in unstimulated PRP. 

Aggregation traces were analyzed as irreversible 
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aggregation responses and expressed as percentage 

change relative to the optical baseline. 

Coagulation hemostasis was assessed in plasma using 

thrombin time (TT), activated partial thromboplastin 

time (APTT), and prothrombin time (PT) with a 

TechPlastin-based assay. These tests were selected to 

interrogate the final fibrinogen-to-fibrin step, the 

intrinsic/common pathway, and the extrinsic/common 

pathway, respectively. G-40 was evaluated under control 

and AD-like plasma conditions to determine whether its 

action was restricted to a single branch of the cascade or 

extended to common downstream coagulation steps. 

To study platelet intracellular calcium, platelets were 

loaded with Fluo-4 AM. According to the dissertation 

protocol, a 10 mM Fluo-4 AM stock solution was 

prepared in DMSO and applied to platelet suspensions in 

Krebs-Ringer buffer, followed by incubation for 30 min 

at 37 C. ADP (5 uM) was used to stimulate intracellular 

Ca2+ release. In selected experiments, EGTA was 

included as a calcium-chelating control. G-40 

polyphenol was added 2 min before ADP stimulation in 

concentration-response experiments (10-100 uM) and in 

the principal 50 uM condition. 

Data are presented as mean or mean +- SEM. Normality 

was assessed with the Shapiro-Wilk test. Group 

comparisons were performed according to the design 

using two-way ANOVA (factors: model x treatment) 

followed by appropriate post hoc tests. For in vitro 

concentration-response experiments (0-100 uM), one-

way ANOVA with Dunnett correction versus control was 

recommended and applied where appropriate. Statistical 

analysis and graph preparation were performed in 

OriginPro 2022 (OriginLab, USA). A value of p < 0.05 

was considered statistically significant. 

3. Results 

Platelet function in the AD-like model shifted toward a 

hyperreactive phenotype. In control PRP, spontaneous 

aggregation was not observed, whereas spontaneous 

aggregation appeared in PRP from AD-model rats. ADP 

produced an irreversible biphasic aggregation pattern of 

60-90% in control samples, and this response increased 

by 10-15% under AD-like conditions. Adrenaline 

induced 45-70% irreversible aggregation in controls and 

was 15-20% higher in the AD model. Collagen evoked 

50-80% irreversible aggregation in controls and 

increased by 12-18% in the AD condition. These findings 

indicate generalized platelet hypersensitivity rather than 

an isolated defect in a single agonist pathway (table-1). 

Table 1. Platelet aggregation profile and inhibitory effects of G-40 polyphenol 

Inducer / 

condition 
Control AD-like model 

G-40 (50 uM) in 

control PRP 

G-40 (50 uM) in 

AD PRP 

Spontaneous 

aggregation 
Not observed Observed - - 

ADP (5-10 uM) 

60-90% 

irreversible 

aggregation 

10-15% above 

control 
23% inhibition 20% inhibition 

Adrenaline (5-10 

uM) 

45-70% 

irreversible 

aggregation 

15-20% above 

control 
Not quantified Not quantified 

Collagen (5-10 

uM) 

50-80% 

irreversible 

aggregation 

12-18% above 

control 
22% inhibition 18% inhibition 

PRP, platelet-rich plasma. 

G-40 polyphenol partially suppressed platelet 

aggregation in both normal and AD-like conditions. In 

control PRP, G-40 at 50 uM inhibited ADP-induced 

aggregation by 23% and collagen-induced aggregation 

by 22%. In PRP obtained from AD-model rats, G-40 at 

the same concentration inhibited ADP-induced 

aggregation by 20% and collagen-induced aggregation 
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by 18%. Although inhibitory efficacy was slightly lower 

in the AD background, the effect remained clearly 

detectable, indicating that G-40 retains biological 

activity even when platelets are primed toward 

hyperreactivity. 

Coagulation testing showed that the AD-like model also 

shifted plasma hemostasis toward a procoagulant state. 

TT decreased from 25 s in controls to 11 s in AD plasma. 

APTT decreased from 30 s to 20 s, and PT decreased 

from 26 s to 20 s. In contrast, G-40 at 50 uM markedly 

prolonged all three coagulation readouts: TT to 47 s, 

APTT to 58 s, and PT to 52 s in AD-like plasma. The 

simultaneous prolongation of TT, APTT, and PT suggests 

that G-40 does not act exclusively on one upstream factor 

but likely modulates common pathway events and/or the 

thrombin-fibrinogen interface (table-2). 

Table 2. Coagulation test results in control, AD-like, and G-40-treated plasma 

Parameter Control AD-like model 
AD-like model + G-

40 (50 uM) 

Thrombin time (TT), s 25 11 47 

APTT, s 30 20 58 

Prothrombin time (PT, 

TechPlastin), s 
26 20 52 

Values are presented exactly as reported in the 

dissertation-based experimental block. 

Platelet calcium assays provided a mechanistic correlate 

for the antiaggregant effect. ADP stimulation increased 

intracellular Ca2+ release in platelets, whereas G-40 

reduced this response in a concentration-dependent 

manner. Across the 10-100 uM range, G-40 inhibited 

ADP-evoked Ca2+ mobilization by 40-55%, with 50 uM 

representing the most effective concentration. In the AD-

like condition, G-40 also lowered intracellular calcium 

relative to both baseline and ADP-stimulated values. The 

EGTA control further supported calcium-transport 

sensitivity in this assay system. Together, these data 

indicate that G-40 attenuates platelet activation at least 

partly through suppression of Ca2+-dependent signaling 

(table-3). 

Table 3. Effects of G-40 polyphenol on ADP-induced platelet intracellular Ca2+ mobilization 

Condition Stimulus 
G-40 

concentration 
Observed effect 

Control platelets ADP 5 uM 10-100 uM 

ADP-evoked intracellular Ca2+ 

release inhibited by 40-55%; 

maximum effect at 50 uM 

AD-like platelets 

ADP 5 uM + 

EGTA 

control 

50 uM 

Intracellular Ca2+ level decreased 

relative to baseline and ADP-

stimulated state; EGTA confirmed 

calcium-transport sensitivity 

4. Discussion 

The present results support a unified interpretation in 

which the AD-like condition promotes both platelet 

hyperreactivity and plasma hypercoagulability, while G-

40 acts in the opposite direction on both compartments. 

The appearance of spontaneous aggregation and the 

increased responses to ADP, adrenaline, and collagen 

indicate that platelets in the AD model are pre-activated 

or primed. Mechanistically, such a phenotype is 

consistent with Abeta-driven platelet signaling, oxidative 

stress, enhanced autocrine agonist release, and disturbed 

calcium homeostasis [1-7,16-18]. Because ADP- and 
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collagen-driven pathways converge on phospholipase C 

activation, IP3 formation, intracellular calcium 

mobilization, and alphaIIbbeta3 activation, the calcium-

lowering effect of G-40 provides a plausible downstream 

explanation for its antiaggregant action. 

The coagulation results extend this interpretation from 

platelet function to plasma hemostasis. TT shortening in 

the AD-like condition indicates acceleration at the 

terminal thrombin-fibrinogen step, whereas concurrent 

APTT and PT shortening suggests a broader 

procoagulant shift. In AD-related vascular pathology, 

Abeta interactions with fibrinogen and coagulation factor 

XII, together with inflammatory and oxidative changes, 

have been linked to abnormal clot formation and 

impaired fibrinolysis [2-4]. Within this context, the 

ability of G-40 to prolong TT, APTT, and PT suggests 

that its action is not confined to one coagulation branch. 

The simplest mechanistic explanation is a multi-target 

anticoagulant profile involving common-pathway 

slowing (FXa -> thrombin -> fibrin) and/or interference 

with thrombin activity or fibrin polymerization. This 

interpretation remains inferential because direct 

enzymatic assays for thrombin or FXa were not 

performed. 

An additional strength of the study is the convergence of 

three independent functional domains: aggregation, 

coagulation, and intracellular calcium. These domains 

point in the same biological direction and therefore 

reinforce each other. At the same time, the study has 

limitations. The exact molecular target of G-40 was not 

identified directly. No receptor-binding assays, thrombin 

amidolytic assays, FXa activity measurements, or flow-

cytometric platelet activation markers were included. 

Moreover, the dissertation reported several model-

development stages, whereas the present article focuses 

on the platelet/hemostasis block of the work. Therefore, 

the mechanistic model should be interpreted as evidence-

based but still provisional. 

5. Conclusions 

The experimental AD-like condition was associated with 

spontaneous platelet aggregation, amplified agonist-

induced platelet aggregation, enhanced intracellular 

Ca2+ mobilization, and shortening of TT, APTT, and PT, 

altogether indicating a prothrombotic peripheral 

phenotype. G-40 polyphenol at 50 uM partially inhibited 

platelet aggregation, suppressed ADP-induced 

intracellular calcium release, and markedly prolonged all 

coagulation times examined. These findings support the 

conclusion that G-40 exerts a multi-target antiaggregant 

and anticoagulant action under AD-like conditions, with 

the most consistent mechanistic explanation being 

attenuation of Ca2+-dependent platelet signaling 

together with modulation of common coagulation 

pathway events. G-40 may therefore represent a 

promising bioactive compound for correcting platelet 

hyperreactivity and hemostatic imbalance associated 

with AD. 

Acknowledgment 

This work was supported by the Applied Research 

Program of the Ministry of Higher Education, Science 

and Innovation of the Republic of Uzbekistan (project 

AL-27-4722022401 “Creation of a new drug with 

neuroprotective properties based on the raw materials of 

local plants Rhus typhina, Pinus sylvestris L., Hippophae 

rhamnoides L.”). 

References 

1. Strickland S. Blood will out: vascular contributions 

to Alzheimer's disease. J Clin Invest. 

2018;128(2):556-563. 

2. Cortes-Canteli M, Strickland S. Fibrinogen and 

altered hemostasis in Alzheimer's disease. J 

Alzheimers Dis. 2012;32(3):599-608. 

3. Ahn HJ, Zamolodchikov D, Cortes-Canteli M, 

Norris EH, Glickman JF, Strickland S. Alzheimer's 

disease peptide beta-amyloid interacts with 

fibrinogen and induces its oligomerization. Proc 

Natl Acad Sci U S A. 2010;107(50):21812-21817. 

4. Zamolodchikov D, Renne T, Strickland S. The 

Alzheimer's disease peptide beta-amyloid promotes 

thrombin generation through activation of 

coagulation factor XII. J Thromb Haemost. 

2016;14(5):995-1007. 

5. Sevush S, Jy W, Horstman LL, Mao WW, Kolodny 

L, Ahn YS. Platelet activation in Alzheimer disease. 

Arch Neurol. 1998;55(4):530-536. 

6. Burnouf T, Walker TL. The multifaceted role of 

platelets in mediating brain function. Blood. 

2022;140(8):815-827. 

7. Varga-Szabo D, Braun A, Nieswandt B. Calcium 

signaling in platelets. J Thromb Haemost. 

2009;7(7):1057-1066. 

8. Nignpense BE, Chinkwo KA, Blanchard CL, 

Santhakumar AB. Polyphenols: modulators of 

platelet function and platelet microparticle 

generation? Int J Mol Sci. 2019;21(1):146. 

9. Bijak M, Sut A, Kosiorek A, Saluk-Bijak J, 



The American Journal of Agriculture and Biomedical Engineering  
 ISSN 2689-1018 Volume 08 - 2026 

 
 

The Am. J. Agric. Biomed. Eng. 2026                                                                                                                         15 

Golanski J. Dual anticoagulant/antiplatelet activity 

of polyphenolic grape seeds extract. Nutrients. 

2019;11(1):93. 

10. Marchelak A, Kolodziejczyk-Czepas J, Ponczek 

MB, et al. Flavonol- and A-type procyanidin-rich 

extracts of Prunus spinosa L. flower exhibit 

anticoagulant activity through direct thrombin 

inhibition, but do not affect platelet aggregation in 

vitro. Front Pharmacol. 2023;14:1307373. 

11. Born GVR. Aggregation of blood platelets by 

adenosine diphosphate and its reversal. Nature. 

1962;194:927-929. 

12. Grynkiewicz G, Poenie M, Tsien RY. A new 

generation of Ca2+ indicators with greatly 

improved fluorescence properties. J Biol Chem. 

1985;260:3440-3450. 

13. Petrischev NN, Vasina LV, Seliutin AV, et al. The 

application of Fluo-3 AM in measurement of level 

of cytoplasmic calcium in thrombocytes by flow 

cytofluorometry. Klin Lab Diagn. 2017;62(2):97-

99. 

14. Khan K, Emad NA, Sultana Y. Inducing agents for 

Alzheimer's disease in animal models. J Explor Res 

Pharmacol. 2024;9(3):169-179. 

15. Dobrydneva Y, Williams RL, Blackmore PF. trans-

Resveratrol inhibits calcium influx in thrombin-

stimulated human platelets. Br J Pharmacol. 

1999;128(1):149-157. 

16. Ehrlich D, Hochstrasser T, Humpel C. Effects of 

oxidative stress on amyloid precursor protein 

processing in rat and human platelets. Platelets. 

2013;24:26-36. 

17. Donner L, Falker K, Gremer L, et al. Platelets 

contribute to amyloid-beta aggregation in cerebral 

vessels through integrin alphaIIbbeta3-induced 

outside-in signaling and clusterin release. Sci 

Signal. 2016;9:ra52. 

18. Ripova D, Platilova V, Strunecka A, Jirak R, 

Hoschl C. Cytosolic calcium alterations in platelets 

of patients with early stages of Alzheimer's disease. 

Neurobiol Aging. 2000;21(5):729-734. 

19. Khoshimov, N. N., Saidmurodov, S. A., & 

Rakhimov, R. N. (2021). The Mechanism of action 

of polyphenol on changes in the dynamics of 

calcium in the synaptosomes of the rat brain against 

the background of glutamate. The American journal 

of applied sciences, 3 (03), 48-55. 

20. Mukhtorov, A. A., Mamadaminov, R. R., 

Khoshimov, N. N., Nasirov, K. E., Rakhimov, R. 

N., & Gaybullo, L. X. (2022). Regulation of 

transport of Ca2+ NMDA-receptors in rat brain 

synaptosomes under the influence of polyphenols. 

European Journal of Medicine, 10(1), 3-11. 

21. Rakhimov, R. N., Khoshimov, N. N., Kurbanova, 

A. D., Komilov, K. U., Makhmanov, D. M., 

Kadirova, S. O., & Abdulladjanova, N. G. (2021). 

Isolation of new ellagitannins from plants of 

Euphorbiaceous and its effect on calcium transport 

in the nerve cell of the rat brain. Annals of the 

Romanian Society for Cell Biology, 25(6), 2758-

2768. 

22. Khoshimov, N. N., Rahimova, G. L., Mirzakulov, 

S. O., Azizov, V. G., Abduboqiyev, A. R., & 

Rakhimov, R. N. (2021). Study of the 

Neuroprotective Properties of Biologically Active 

Compounds. Annals of the Romanian Society for 

Cell Biology, 25(6), 2775-2782. 

23. Khoshimov, N. N., & Nasirov, K. E. (2017). Action 

of Cytisinum on the Transport Mediators and 

Calcium Channel of Glutamatergic 

Neurotransmitter Systems of the NMDA Receptor. 

European Journal of Medicine, (5-2), 56-63. 

24. Numonjonovich, K. N., Baxtiyarovich, K. I., Ugli, 

D. J. I., Salimovich, K. S., Ugli, M. A. A., Ugli, O. 

M. M., ... & Nurillayevich, R. R. (2024). Еffесt of 

Pоlyphеnоls on Сhаngеs in thе Hеmоstаtiс Systеm 

of Blооd Plаsmа in Hеаlthy and Mоdеl Rаts with 

Аlzhеimеr’s Disеаsе. Trends in Sciences, 21(9), 

8081-8081. 

25. Khoshimov, N. N., Raimova, G. M., Nasirov, K. E., 

Rakhimov, R. N., & Azizov, V. G. (2020). The 

Effect of Sp-6 On The Transport of Mediators of 

NMDA-Receptors and Ca 2+-channels in 

Synaptosomes of rat brain. European Journal of 

Molecular & Clinical Medicine, 7(3), 2435-2446. 

26. Khoshimov, N. N., Kabil, N. E., & Eshbakova, K. 

A. (2015). Research influence biological active 

agents in the course of regulation of functional 

activity of platelets and system of a haemostasis. 

European Journal of Medicine, 2, 88-93. 

27. Khoshimov, N. N., Mukhtorov, A. A., Nasirov, K. 

E., Rakhimov, R. N., & Mamadaminov, R. R. 

(2022). Effeсts of Рolyрhenols on Сhanges in the 

Transрort of Сa2+ NMDA-reсeрtors Under the 

Influenсe of L-glutamate against the Baсkground of 

Alzheimer’s Disease. Journal of Рharmaceutical 

Negative Results, 13, 1322-1332. 

28. Khoshimov, N. N., Nasirov, K. E., Raimova, G. M., 

Musaeva, M. K., Azizov, V. G., Тuraev AS, M. S., 

... & Abdusalоmоv Sh, A. (2021). Study of the 



The American Journal of Agriculture and Biomedical Engineering  
 ISSN 2689-1018 Volume 08 - 2026 

 
 

The Am. J. Agric. Biomed. Eng. 2026                                                                                                                         16 

effect of polysaccharides on hemostasis. The 

American journal of medical sciences and 

pharmaceutical research, 3(01), 131-138. 

29. Ugli, D. J. I., Bakhtiyarovich, K. I., 

Numonjonovich, K. N., Erkinovich, N. K., 

Madmuradovna, R. G., Abdugaparovich, M. A., ... 

& Raxmankulovna, A. N. (2025). The Influence of 

Polyphenols on Calcium Dynamics in 

Synaptosomes of Model Rats with Attention Deficit 

Hyperactivity Disorder of Varying Ages. Trends in 

Sciences, 22(9), 10434-10434.  


